Background: Ketamine and its active metabolite, norketamine, have analgesic actions. A liquid formulation of ketamine has been prepared in some hospital pharmacies. The pharmacokinetic parameters of ketamine and norketamine after oral administration have not yet been reported. The objective of this study was to evaluate the pharmacokinetics of oral liquid ketamine in healthy volunteers.
Introduction
Ketamine is a dissociative anesthetic with analgesic and anesthetic properties. It is known to exert analgesic effects when administered at half its anesthetic dose, and been shown to be effective against neuropathic pain. At low doses, ketamine is a non-competitive NMDA receptor antagonist with analgesic effect [1, 2] . It has been suggested that ketamine and its active metabolite, norketamine, have analgesic properties. However, the pharmacokinetics of ketamine and norketamine have not yet been investigated following administration of ketamine by various routes for obtaining an analgesic effect [3] [4] [5] [6] .
Ketamine has been administered by the IV and IM routes for obtaining analgesia, as well in the tablet, capsule, liquid, suppository or nasal spray forms in hospital pharmacy settings [7] [8] [9] [10] . There is no commercially available formulation of ketamine except for injection. Especially, a liquid formulation is prepared in some hospital pharmacies. However, the pharmacokinetic parameters of ketamine and norketamine after oral administration have not yet been reported [11] [12] [13] [14] [15] . In addition, the effects and safety of liquid formulations of ketamine have not been investigated well, and the optimal dosage of ketamine for obtaining an analgesic effect is not yet known.
In the present study, we investigated the pharmacokinetics of oral liquid ketamine in healthy volunteers.
Materials and Methods
This study was performed with the approval of the Kitasato Institute Hospital research committee, in compliance with Manuscript accepted for publication July 25, 2013 a the ethical principles laid out in the Declaration of Helsinki and all subjects signed a consent form for participation in the study.
Preparation of ketamine
A liquid formulation containing 10 mg per mL of ketamine was prepared, with the following formula: ketamine (Ketalar 50 mg/mL, Daiichi-Sankyo, Tokyo, Japan), simple syrup, and purified water (1:2:1); green apple flavor was then added because ketamine has a bitter taste.
Patients and drug administration
The subjects were six healthy volunteers (three male, three female), who had provided informed consent for participation in this study. The exclusion criteria were: presence of severe cardiovascular disease, hypertension, renal dysfunction or known hypersensitivity to ketamine.
All the subjects were administered 5 mL of the oral liquid formulation of ketamine (1%) after a meal. Venous blood samples (10 mL each) were collected before administration, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 6, 12 hours after the administration of ketamine.
Blood pressure and pulse were measured at each sampling point, and subjective symptoms, including sleepiness and nausea, were also checked for. Some laboratory parameters, including serum AST, ALT, LDH, BUN and Cr were measured before and after the study.
Analysis of ketamine and norketamine
Ketamine and norketamine were measured by the HPLC method described by Sebastien [16] 
Pharmacokinetic analysis
The serum concentration profiles of ketamine and norketamine were fitted using a nonlinear least-squares program, PSAG-CP (Asumedica, Osaka, Japan), and the parameters measured were the area under the concentration-time curve (AUC), the maximum concentration (Cmax), the time to reach Cmax (Tmax), T1/2, Cltot/F, and Vdss.
Results
The subjects were three male and three female healthy volunteers, ranging in age from 24.5 ± 1.6 years and having a body weight of 61.5 ± 11.0 kg. The serum concentrationtime profiles for ketamine and norketamine measured over a period of 12 hours after administration of the liquid formulation of ketamine is shown in Figure 1 . Ketamine and norketamine were detected in the serum starting at 0.25 hours after administration of ketamine. The Cmax, Tmax and AUC 0-12h of ketamine and norketamine were 29.9 ± 5.3/250.2 ± 28.7 ng/mL, 1.1 ± 0.2/1.6 ± 0.2 h, and 79.0 ± 24.0/1193.1 ± 159.6 ng•hr/mL, respectively. The values of the other pahrmacokinetic parameters of ketamine and norketamine are shown in Table 1 .
The side effects after administration of ketamine until 12 hours are shown in Table 2 . All of the six subjects felt drunk temporarily around the Tmax of ketamine, two of the six complained of feeling sleepy around the Tmax of ketamine and norketamine, and only one complained of slight nausea. In addition, a significant increase of the mean systolic blood pressure was observed at 1 and 1.5 hours after administration of ketamine. No changes of the renal or liver function parameters were observed after the drug administration as compared to the values recorded before the administration. No severe side effects were noted in any of the subjects.
Discussion
In the present study, the pharmacokinetics and safety of a liquid formulation of ketamine administered at a single oral dose of 50 mg were determined in six healthy volunteers.
Persistent noxious stimuli activate the NMDA receptor, which is one of the excitatory amino acid receptors, in the posterior horn of the spinal cord, and lead to chronic pain as the nociceptive threshold decreases. Ketamine and its active metabolite, norketamine, are NMDA receptor antagonists with analgesic activities. Low doses of ketamine have been used effectively against neuropathic pain in cases where opioids are not effective. When ketamine is used as an adjuvant analgesic with opioids, it has been shown that less than 50 ng/mL of ketamine exerts effective analgesia without any adverse effects [7, 11, 13, 17] . Ketamine is metabolized by various cytochrome 450 isoforms in the liver and its main metabolite, norketamine, is formed through N-demethylation. Norketamine is only one-third to one-fifth as potent as ketamine in regard to the anesthetic effect. Although the relationship was not evident between the concentration of norketamine and the analgesic effect following administration, it may also have analgesic effects.
Yanagihara et al [18] have suggested that the highest Cmax of ketamine was obtained after administration as a sublingual tablet, while the highest Cmax of norketamine were obtained after administration as a tablet, when 50 mg of ketamine was administered as a sublingual tablets, suppositories, nasal sprays, or tablets. The Cmax of norketamine was 1.1 times higher than the Cmax of ketamine following administration as a nasal spray, approximately two times higher following administration as a sublingual tablet or suppository, and 4.5 times higher following administration in a tablet formulation. Clements [17] reported that the Cmax of norketamine was 0.3 times higher than that of ketamine following administration of ketamine im at a dose of 0.5 mg/kg, while Cmax of norketamine was 4.5 times higher than that of ketamine after oral administration. The Cmax of ketamine was lower, whereas that of norketamine was higher, following oral administration of ketamine as compared to that following administration by other routes.
Ketamine liquid formulation has been demonstrated to provide analgesic effects and been used as a compounded formulation in hospital pharmacies in Japan. In this study, the pharmacokinetics of ketamine and norketamine following administration of the oral liquid formulation at the dose of 50 mg were determined in healthy volunteers. The Cmax of ketamine was 29.9 ± 26.8 ng/mL, while that of norketamine was 250.2 ng/mL, about 8.4 times as high as that of ketamine. In addition, the AUC 0-12 of norketamine was 1193.1 ± 159.6 ng hr/mL, 15.1 times higher than that of ketamine. Orally administerd ketamine undergoes extensive first-pass metabolism in the liver, resulting in a bioavailability of approximately 16% [17] . Our findings suggest that norketamine may contribute to the analgesic effect after oral administration of ketamine.
Almost no accumulation of ketamine in the serum was observed following administration of oral liquid ketamine, because T1/2 is 1.1 ± 0.5 hr, which is extremely short, in the healthy volunteers. The T1/2 of norketamine was 5.3 ± 1.1 hr, 4.8 times longer than that of ketamine. Thus, there is a possibility of accumulation of norketamine in patients with renal failure, as norketamine is eliminated by the kidney [19] .
None of the subjects experienced any severe side effects after administration of the liquid formulation of ketamine.
Our study was small in scale, and we could not evaluate the effects of the oral formulation of ketamine as an analgesic. The relationship between the effects and concentrations of ketamine/norketamine in patients need to be verified in a future study. The type of ketamine preparation to be administered to a patient should be selected in accordance with the patient's condition, and use of the liquid formulation may be one of the useful options.
